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TITUE: THE* OCEAN: SdURCE OF NUTRITION FOR THE FUTURE 



*Concept: A, 



1. Cultural evolution lad to dominance of the envlconment. 
a. THE GROWTH OF SCIENCE AND TECHNOLOGY INCREASED MAN'S 
USE OF NATURAL RESOURCES. 

Marine Concept: B. 

1. ^ten Is part of the marine ecosystem. 

ft 

a. The mar Ine envi ronnwnt has affected the course of^ 
history and the development of human cultures. 
1. PROXIMITY TO THE OCEANS AND THE AVAILABILITY OF 
RESOURCES HAVE INFLUENCED THE CULTURES OF 
MANY SOCIETIES. ^ ^' 
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Subjects: Biology, Science, Social Studies, Home Economics 
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**From Marine Environment Proposed Conceptual Scheme , 1973. No charge. 
Both conceptual schemes are available from Robert S. Stegner, 
Population-Environment Curriculum Study. 310 Wlllard Hall, University 
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ft 



AQUACULTURE FLOW DIAGRAM 



t READ TEACHER (STUOEMT) BACKGROUND INFORMATION 



/ 



AQUACUITURE STUDY 



. PRESENT BACKGROUND 
\ ' INFORMATION 



I 



SHOW SLIDE SEdUENCE 



T 



GROW 
SPECIMENS 



GUEST 
AaUA- 
CULTURE 

Speaker 



\ 



Ht\t FOODS STUDY 



PRESENT BACKGROUND 
INFORfWTION 



TAKE 
COLLECTION 
TRIP TO THE 
COAST 



SHOW 

Advie 



SHOW 
SLIDES 



STUDY MARINE 
ORGANISMS 



PREPARE»AND 

EAT SEAFOOD 



/ 




EVALUATE 



/ 



1 



V:- 



TABLE OF CONTENTS 

' Page 

UNIT FLOW DIAGRAM ^ 

TEACHER (STUDENT) BACKGROUfI) 3 

OYSTER 3 



t 



OVERWINTERING EQUIPMENt 7 

« *^ ■ 

MUSSELS ^ ^7 

FINFISh . . .' \ . 19 • 

LOBSTER \ ...... ^ ^0 

EVOLUTION OF SEAFARMING IN miNE 21 

BiBllOOlAPHY • 27 

LESSON. I • . 

'teacher and student BACKGROUND .* ' '31 

s^uggested ACTIVI.TIES - mm. economics 33 

SUGGESTEP activities - SCIENCE/HOME ECONOMICS . 3^ 

LESSON 11 ^ , I 

BEHAVIORAL OBJECTIVES 35 

TEACHER BACKGROUND • • • • 35 

SUGGESTED ACTIVITIES ' /• . 38 

APPENDIXES > 

A. MAINE COMMERCIAL AQLWCULTURE COMPANIES 1978 39 

B. ESTABLISHING A SALTWATER AQUARIUH ^1 

C. AQUACULTURE SLIDE SCRIPT ^ ^6 

D. RESOURCES r ..." 49 



ERIC 



TEACHER - BACKGROUND 
Oys ters . * / 

- J r 

Since 1971, Maine has .made great strides in aquac^lture. Most of 
this progress has been made possible through federal funding. Much of 
this money has reached the State in the form of Sea Grant money frc»n the 
National Oceanic and Atmospheric Adi^inistration ahd is administered by 
the UMO/UNH Sea Grant office. A pdrtion of this^money has been used to 
foster research in commercial oyster aquacul tur^ in Maine. The culturing 
of two species of oyster, The American oyster ( Crassostrea virginica ) 
and the European oyster ( Ostrea edul is ) . is currently under investiga- 
tion. Sea Grant Bulletin #2, CmriTwrcial Oyster Aquactilture in Majne , 
describes the techniques recommended for oyster culturing in Maine. This 
informative publication is available from the Ira C. Darling Center, 
Walpole, Maine (563-31'*6). The Maine Department of Marine Resources has 
also been active in aquaculture research, and information is avaijable 
through that office at State House Annex, Augusta, Maine 04331. 

- ' 

Early In the 1970's, the Univers I ty of Maine using con*kied 
state and federal funds built an aquaculture building at the Darl.ing 
Center. This building is complete with all necessary systems, including 
running hot and col'd water, 'and sea%^ter. ' 

« 

Researchers at the Center have trldlfi many different methods of 
culturing young oysters. At this time, th#y a're allowing the very young 
oysters to "set" on small shell chips, and this has proven to Be very 
successful. Both American and European -oysters are being cultured thts 
way. When thoi^iny oysters reach sizes between 2 jnd 3 nw, they are sold 
to small, seafarm companies /or "grow out," or raising to market size. 

Early in the 1970's, the researchers gave the tiny oysters to 
people interested in investigating the process of raising oysters. 
Some #f the people introduced to oyster aquaculture in this manner have 
now taken up cawnerclal seafarrting, while others still raise on-ly 
enqugh oysters for their own consumption. The "seed" oysters are still 
available to noncommercial seafarmers. 

.The cooperat^'ve progran which was started informally In 1971 i 
has become a very productive effort. The earl.y program began with the - 
Darling Center's supplyinftj small oyster satr^les and asking the coop- 
erator to gather Inf ormat ion -on growth rates. They have recently 
formalized^ the interaction with, the cooperator to a greater degree 
an approach which has evolved through several stages^' 



^Pratt, R'.S. and HIdu, H. 1975- Cooperative Shellf'ish 
Experiments, p. 2. 
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Not only have scientists obtained \ta1uab1e comparative oyster 
growth and survival infoi^mat ion , but the pilograra has allowed coopera- 
tof^ to evaluate their aquaculture sites and derive pre-liminary cost 
estimates at little or no expense to themselves,. Growth determinations 
were made' by photographing typical specimens at the beginning and end 
of each leason.^ The study was designed to provide more data for 
documentation of the intensive work done by Mr, Robert Packie on the 
Damariscotta River estuary. Mr. Packie's study related oyster perfoniH 
ance to environment on the wide estuafine gradient presented by* the , 
^0-mile "Arm of the Sea" Damariscotta River. Briefly, Mr.- Packie's 
Wtudy indicated that market oysters, American or European, could be 
produced in a tinw as short as two. years, depending on specific environ- 
-menta*! conditions. 

" Initially, oyster seed wa^ donated to those people expritessing 
an interest and havifrg a suitable area for culture. Persons were given 
advice on culture mettods and were asked to aid in periodic measure- , 
n«nts of growth, some physical parsuneters, survival, and overwintering ^ 
performance. At the end of each Sisason, the comparative figures were 
talliiBd and supplied to each' cooperator to gfve him/her an indication 
of relative success. These figures may have discouraged some coopera- 
tors but they retained the oyster seed ^nd were invited to contact us 
should they corttanplate further action. This Jnltlal Interact ion -was 
really a search for persbn^^ith a genuine inwrest in growing oysters 
conmercial ly, and with pmona] ability and a suitable environment for 
carrying out the operation. . • i 

Later, those who had suitable sites. and who wished to continue 

and expand were invited to take a more active part In our research 
•effort. Research interaction has involved testi^ng the relative per- 
formance of Maine and California stocks* of European oysters, and 
improvement in methods of overwintering. More recently biologists have 
Ir^teracted with the pilot commercial and commercial starts with the aitfi 
of improving the overall efficiency of the operations, 

Z*^ The overwintering experiences of cooperators In previous years 

/has revea-led several problem areas. In the winter of 1973-7^, the 
Maifle Coast Oyster Corporation had thought it best to relocate their 
oysters for the winter. Subsequently, their oysters were moved over ^ 
100 miles from Salt Pond in Blue Hill to the lower Damariscotta River, 
where. In previous wirtters, low winter mortalities had been experienced. 
This was expensive, and was unnecessary because those oysters \nh\ch 
were left in Salt Fond survived the winter as well as the^ transported 
group. Consequently, nearly all groups were placed on bottom ^ the 
growth sites for overwintering durmg 197^75- The silting of l:rays 
has 5ben a major problem In previous winters, and several cooperators 
ihave recently modified ovcrwiftterlhg gear to solve this problem. 
Nearly all previous overwintering efforts have required the services 
Of divers. The Darling Center, up to now, has been able to provide 
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this service free, but in the future, a cexmnp'rcial enterprise should 
take this' expense into account. Overwintering gear must be designed to 
minimize or eliminate the need for divers.' 

The silting problem was worked on by several cooperators. Dr. 
Brown and Mr. Richardson, working cooperatively, have developed two- 
methods. Dr. Brown tfed cinder blocks to the bottom of his over- ^ 
wintering sled to hold it off the bottom and, prevent any movement of the 
sled during the winter (Figure 1). Mr. Richardson placed his sled on 
18" long, I 1/2*' diameter iron pipes that were attached to 2 x woddert 
runners (Figure 2). This method places the bottom oyster trays 15" 
to 18" aboye 'thjB silty bottom. Mr. McCollum put iron legs on the sides 
of his lobster crates to hold them off the mud (Figure 3). Drs. MIneau 
and Abelson as well as Messrs. Archambault, Peterson, and Hagan used 
positive buoyancy in their anchored trays to keep them about 18" above 
the bottom (Figure if>. 

The major overwintering pfoject was again with Maine »Coast 
Oyster Corporation. The Richmonds redesigned their sleds so that In- 
season growth trays could be utflized (Fi^re 5). Ninety-six trays wore 
bolted to each of eight sleds. These s ledTTTSontaining 500,000 oysters, 
viere then placed on the bottom with the aid of a new service raf^t and 
winch. The entire overwintering operation took two weeks, with four 
days of diving service. Again, driving service could be a high-cost 
factor and every effor^ should be made to eliminate the need for it. 

Other cooperators have worked to'eliminate the need for diving. 
Dr. Brown used a roped anctor method. He attached a line between the , 
trays and an anchor on the bottom. A surfape buoy supported a trip line 
from the anchor. If the buoy Is cut off by accident. Dr. Brown is still 
. able to locate the anchor line by dragging. H^. Richardson placed two 
vertical ste^l. rods above his trays and connected th«n with a short 
ropoL He plans to grapnel for the rope to retrieve trays in the spring. 
Mesls. Abelson, Archan^ult, Peterson, Hagan, and MIneau plan to use 
a minq sweeper method for tray retrieval. They pljce a chain between 
two skiffs and row through the area. The chain wfll catch the 18" 
anchor rope attaching the trays to their mooring. 

/ 

The latest development has been to leave trays attached to the 
longline and merely weight the longllne and add floatation to the bot- 
tom of the tray stack. This technique eliminates the need for divers, 
keeps the trays off bottom, and eases the process of retrieval. The 
commercial people have developed many types of gear. The University 
program, on purpose, has not discussed gear construction and design with 
them. This was done so that those individuals that are seafanning will 
cane up with their own unique designs and provide others with innova- 
tions in seafarmlng techniques. The evolution of the tray has now gone 
to lantern nets which are being imported from Japan. A second type 
used is the peaj^l net, vhich is much smaller and triangular In shape. 



3 Ibid, page 27- 
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The lantern nets are relatively f nexjien^ i ve , costing about $20.00 each. 
They hold about 1000 to 1500 market sized oysters^ and yet collapse 
dbwn to about 5 or 6 ^ches in depth %^en they are not being used. 
iThfjfr life span is projected to be §bout 6 to 10 years In Mal.i^ waters'. 
Being double--di pped galvanized, and then double-d rpped viriyl^ witH nylc^ 
mesh, they are alnK)St indestructible. / ' , . 

The older system that the Maine Coast Oyster E^^any use^ in 
Blue Hill uses ten square wooden trays that float just under^the surface 
of the water supported by blocks of styrofo^. These are becoming . 
obsolete because our water temperatures are getting warmer so teredo 
worms will attack the wood. The plastic and metal trays shouJd there- 
fore work much/ better. Farmers have developed new trays v^ich they call! 
flip-flops. The trays float right on the surface, and although ap area 
is contaminated very heavily with teredo viorm whfch wojjld spoil wood 
at a depth of 2 to 3 f^t, they have no tere<k> worm problem on the 
surface. The'^tray Is meshed both top and bottom arid it is flipped evfery 
day« This eliminates all tyi^S^f fouling organisms as t^e exposjjre to - 
air and sunlight prevertT attacNnent. * \ ' \ 

During the winter of 1976t77 the water temperature at the Darl IrTg 
Center went below 0^ C for more than thirty days. Salt v^t^r freezes 
at about -2^ C. Many oysters dfed during this cold spell; others died 
in the spring from what appears to be stress from the winter! It Is 
felt that oysters in shallow water are niore susceptible to cold water 
deaths than those in c^per water. 



Life Cycle of the Oyster 

The following diagram depicts -some of the developmental stagets 
in the life cycle of the oyster. Beginning at the lower left comer 
of the diagram Is the fertilized egg; spawning results^ when the water 
In the oyster bed reaches the appropriate t^nperature. The mature 
oysters of the entire bed will cast their eggs and milt into the water. 
T^^ next two dlagran^ on the left side stw^ several of the segmentation 
stages of the develop) I ng en&ryo. The next three stages depicted are ^ 
the straight-'hinge ^t^^ge, the early un^ stage, and the late un^ stage*. 
Each of these larval stages Is .free-swimming. Tha mature un4>o stage 
oyster glides on its ciliated foot until it finds a suitable place to 
attach itself, or •'set/' 

The middl'e diagram on the right hand sicte represents the newly 
siet oyster, or spat. The spat quickly loses its Swimming appendage, 
and its clliateff foot after it c«nents itself to the substrate. The , 
next ti^ stages show the oyster as It matures In the cultch. 



' '■ Mussels are. the second marine crop grown lo Maine. Tbe sea- 
farmers use the Spanish Raft technique for collecting seed and growing 
mussels. In Sp^in the production rates are as high as 50 tons of meat • 
per acre pter year. Tbis is the greatest production of any husbandry 
presently b^ing practiced.. This product is possible for the following 
reasons: -. one, better circulation of Jiutrientrladen water and the mussels; 
two, greater utilization of available spdce; three, best use of the 
available niltrlents, organic nmter, and plapktbn;^ four, reduction of 

predation by snalTs, crabs, and starfish. 7 

• • - t ' ' . 

In practice, the method is relative.ly simple and consists af 
hanging ropes -(varying in Idngth from 10 to 30 feet) from floating plat- 
forms of various constructions. Ropes are < spaced at approximately two- 
foot Interivals and allowed to hang free in the v^ter. |n*>reas influ- 
enced by strcmg curreftts, certain precautions ma^t have , to > bA taken in 
order to preveKt the entanglement' of ropes (qndervfater spacing devices * 
such as long pipes or structural fr«nes atlfbched tb and ■ interconrwc ting 
the bases of several iHjluj) . * 

In a series of preliminary experiments tmdertaken at the 
University 6f Maine's marine laboratory, manlla rc^e was found to be • 
superior for the collection of spat (newly settled mussels) to both, 
nylon and' dacron although the differences among the three types of rope 
were small. In general, the more "Hairy" the rope the more suitable it 
will be for use iij-^pat collectioji. The unavailability of ropes such 
as coir, sisal, and those made from esparto grass, all of vHilch have 
proved to be very successful. througNjut Europe, necessitated the use of 
n»nila and. nylon for experimental wor|< in Maine. 

AccordYrrg to Field (1922);' the spawning season of mtissel^along 
the Atlantic coas-t begins In April and continues on through the sunwier 
well Into September. In Maine, spa%<ning appears to be delayed until 1 
late in the spring (late May) and continues throughout the s^iinmer, often 
with two peak spawning periods, one in late May - early June 'and the 
other In late August - early September. ^ In most environments through- ■ 
out the state it Is advisable to place the ropes In the water during 
late April or early May. This allows sufficient time for the-ropes to 
"condition," ridding themsefves of the excess processing ojl jhat may 
inhibit larval settlement and can be toxic to larvae In large/concentra- 
tion. In addition, this period of "conditioning" allows time for an 
accumulation of HH^^^hentous algae on the ropes that may stimulate the 
settlement of mussel larvae according to Scottish (Mason, 1969)^nd 
British wdrkers.® 



'♦Lutz,. R.A. , Raft Cultivation of Mussels In Maine Wafers— 
Practicability, Fees 1 bi 1 ity and Po?sible Advantages , page ^. \ 



5 Ibid, page 5. 
^Ibid. page 5. 
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Certain 'areas/ along the^teJne coast are n» re favorable than 
others for the collection and growth of spat. In addition, a particular 
locallty/^lll vary from year to year with regard to success 'encountered 
In the collection of kpat. Therefore the definitive recommendations" 
have not yet beerf established. ' 

In years of good settlement tire ropes will be covered with spat 
by the end qf JQly. By the fol lowing/ fal 1 (In favorable environments) , 
a large nunber of mussels will have reached marketable sizeo(two Inctos 
or freater In length) and can be removed ^f rem. the ropes. The culling of 
Individual marketable mussels from the ropes Is not only t-lro-consum^ng , 
but also results in considerable loss of smaller mjjssel.s. For th^s . ^ 
reason, it is advisable to haul individual ro(les to (he.surfacaVand 
remove aUI the mussels from the roji^B s^rfa^yit' ^M^f^e^ s(ffeking,of the 
ropes ovec large con tal^.rsr -should be Vuff>0| en t^to facilitate such 
removal (An^u, 1968),' Marketable mussels c^n therf be separated and 
the smaller individuals reattached to the ropes. The standard method' 
of reatti^fwient, recommended for use in Maine Waters, consists of surr 
rounding the cultivation ropes wfth mussels with the help of, a very fli 
mesh net of cotton or synthetic fibers (Ryther and Bardach, 1968). Th^ 
mussels eventualVy attach themselves "f I rmly to the rope. The mesh net 
should be weak enough so that once the missels have firmly attache^ 
themselves onto the ropes they can read i 1 ycJrreak th rough . |h many ar^as 
vercrowdlng may causa a marked decrease In rijrowtJ) rate. In general 
fewer massels per rope, the faster the^rowth rate. It Is^ecc 
ded that the growing popdlatlon be thinned periodically before 
harvesting. - The mussels rmmh^ed can rep'lanted on additional rop« 



The bi-ggest problem we have had with the wi 1/i mussel jls the 
trematode worm Cynwophal lus gets in the mussefl i 



)earl 

of 



pearl. The trematode worm Cynwophal lus gets in the mussefl lanw the 
is foniJed around It. The adult host Is the^lder duck, or Scoter, 
which arS plentiful in Maine. Dr. Richard Lutz, from the Unlversit^f 
Maine 'ciid some research to see how to eliminate ^the pearl / or how |to ; ' 
^t around It, He found that the pearl Is forminp--fn all of the miJsseH, 
but If the mgssel grows very fas^ (17-18 months) you can get It to 
market size and into semebbdy's stomaqh before the pearl is big/enough 
for the consumei^to detect. So, If you hiarvest mussels In Maine, bjalow 
the vAter ihark, you are not apt to be. able to detect the pearl. 
However, f#ypu harvest mussels high In th6 Intertidal zone,, whe^e 
rtakes a mtfch longer time (up^ to 5 years) for them to grow, then thel 
pearl Is much more prevalent. Because of tbe^"" rapid groi^th, the farms 
guarantee the' myssels tar be free of pearls. 9 | 



ft 



'Ibid. ' page 10. * 
^ ft * 

Lutz, R.A. and L.S. Incze, A comprehensive review of the 
Mussel Industry In the United States, page 8. 
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^Cbho salmon a;id steal hea~d. trout a th6. two finfish products 
currently cultured J n Maine, These species afe not native to the east 
co€^t so th» eggs are purchased in the Northwest.' In the falU the eggs 
arrive in Maine *^rom state or federal 'hatcheries In Idaho, Oregon, or 
Washington.' The eggs are hatched in one of two private hatcheries, one 
In North New Portland, the 6ther In Harbqrside. 

. When the* ypung salmon *are about 50 to the pound, they start the 
pKysiologlcal chat^ge known as smolting. At this period In thelr/lffe 
• cycle, they move from fresh to salt water. This transfer Is. made under 
the con;:rolled conditions of the farm. The finfish gr«< until Hhey are 
about.' 12 02. In weight and 14 months old; they are then harvestedrr The 
pan-sized fish are excellent for restaurant trade., Maine salmon artd 
trout have been, marketed from the Maliie coast to Florida. 

The three farms In Maine feed a combination of prepared .^r^^ food 
and a natural diet of whole ground shrimp "to their salmon:^ The natural 
diet is fead I ly accepted by the fish, producing a superior food product 
with pink meat, . ♦ 

The .diet for trout does not include the natural feed since the 
pink meat^olor Is noft necessary* The fish are processed on the^arm, 
packed in ice and shipped out fresh. Therefore, the fanner must possess 
the talents Qf a grower, processor, shipper and marketeer. This hard 
work all pays off when the fish sell for better than $2,25 each. 

The first company, Maine Sfea\Farms, Is found In iGoose Pond, the 
old Callahan mine at Cape Rosier. ICvIs a cppper zinc pit which was 
.depleted, then flUed with water to start an aquaculture project. A 
graduate student from the'linlversi ty of Maine was hired to manage Maine ' 
Sea Farms, doing some experl^nts with oysters, mussels, salmon and 
trout, Callahan quickly became disinterested and sold everything to 
Bob Man t who Is now marketing steel-head trout and Coho salmon. His, 
like all other operations, has had heavy debts and poof cash flow until 
the bicentennial. year. During that year, the dueen of England came to 
the United States and ate coho sabnon In Boston, MasMchusetts. There 
was 10 lot of pJblicity In Maine and all around New England about hpw 
mucH the Queen enjoyed our cultured fish. This helped marketing a great 
deal. Whfen the United States culinary Olympics team went to Germany in 
1976 to compete, tljey took Maine Sea Farms salmon with them and won a 
gold medal.' Bob Mant does not have any difficulties marketing his fish 
now. He may shortly be one of the only aquaculture coit^anles in the 
country to go Into the black. 

This farm is able to use a rather large 40 x 50 x 60' pen for 
culturing the marine stages of the fish. Maine Sea Farms has a rather 
harge hatchery which can produce about 300,000 smolts per year. 

The second operation is at an oil fired generating station in 
Wiscasset, called Maine Salmon F^rms. They use a much smaller pen which 
is about 15 X 15 X 15' because of the shallow depth and restricted area 



into wblch they can p>ace the pens. Maine Salmon Fanre has marketed 
over^ 70vpOO yearlings In the past three years. They .were the first 
coinpany in 'twfe4ve years' to market salmon from Maine waters. Previously, 
some atlantlcs wer.e fished for the mdrk6ted In Maine, 

^ The Islend Hsheries on Vinalhayen, uses a 15 foot circular prfn* 

that \s 15 f«et deep.^^he pen is designed to conform to the schooling 
and swimming habits of the fish. ' By having a circular pen. Spencer 
eliminates the waste of comers in I square pen. The pens are covered 
with large plywoorf doors that keep out both types of two-footed predators, 

, man and bird. Birds are a serious problon to fish farmers who do not 
cover the pens. Sea gulls, kingfishers and other birds of prey could 
reduce inventories drsMnatlcally If precautions are not taken. 



Lobster 

The final cultured species Is the lobster. The only lobster 
farm Is In KIttery, Emlle Plant? and Saunders Associates .have ..combined 
forces to produce a very unique method of penning the cannibalistic 
crustacewi. Emile developed a cylindrical coitalner that is divided 
',into compartments stacked one on top of the other. This structure Is 
'affectionately called the lobster Hilton. The animals are fed using a 
long rod dropped down through a hole In the' top of each divider. Water 
Is circulated from the bottom of the Hilton, causing good flushing 
action. 

The entire life cycle of the lobster Is controlled In the rather 
small building. . SaunciSrs, an engineering firm from Nausha, M.H., is 
planning a mejor development over the next few years. It Is their plan 
to hold up to 3 million poUhds of adult lobsters In a new multi-million 
dollar fScIlity to be located somewhere In Maine, 5 

Seaf arming has been con^ared to chicken farming of 20 years ago. 
Chickens were grown on the ran^; small lK>uses were placed In the field 
with the hopes that the hens would use thon for laying. Research Indi- 
cated that bams could be used to more efficiently grow the birds and 
gather eggs. Presently, the egg factory Is staodard. Hens are placed 
In small pens which thfey never leave. Eggs rail out the chute and Into 
a container. Aquaculture Is about 20 years behind the egg industry. 



^Chapman, Paul. Sanders Associates. Personal contact. 
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JHE EVOLUTION OF SEAFARMING IN MAINE 



Now that most of the various methods of aquaculture have been 
^explained, let's loofcc at Now seafarming has fared and Its future proS^pects. 
'"There have, b^n three major iJquacul tural efforts Ip Maine, the oldest Is 

the work done by the'Malhe Department of Marine Resources (formally Sea 

^nd Shore Fisheries). Even though their projects ffave been many and . 

diverse , they have not been active In creating an aquaculture Industry. 
"The tiepartment's (extension branch has been very active In traditional 

fisheries. The researchers have experimented In the culture of many 
^species. The following Includes much of the work done by the OMR from 

19^ to present. 

Oysters, eras SOS tera vlrgln^ca and OstVea edulls , have been - 
cultured In Spinney Creek since 1966. The oyster culture project was 
successful in the creek and, therefore, sp^lmens w^re transplanted to 
the Kaiteh River. With the cooperation of the town of Brunswick, the 
program Involved the cultivation, expansion and evaluation of aquaculture. 
Oysters were grown on scallop shells. (Not the 1978 standard method.) 
This New Meadows project also Included a study of the potential of duahogs, 
Mercenaria mercenaria , which l^^s* since been discontinued. 

Presently there are two oyster farms, one at each of the two 
sites. Hustin Oyster Company of Brunswick Is a direct result of the acti- 
vity of the Department. 

During the construction of the Maine Yankee Atomic Power Plant 
at WIscasset the DMR' experimented with bloodworm Glyeera dibranchlata 
culture. Work was started at the oil fired plant (Mason Station). • 
Maturation studies %#ere conducted on gan»tes. In the coelom of gravid 
females. Work was also conducted on nutrition and the effect of tenpera- 
ture on the rate of growth. Despite years of work, researchers have been 
unable to fully understand the life cycle of the blood worm. This , 
project was terminated, around ^97*»- ^ 

The second agency Involved has been the University of Maine's 
Marine Laboratory, the Ira C. Darling Center. Their efforts started In 
1971 with a Sea Grant to study the potential of Oysters Ostera edulls , 
scallops Aqulpecten ir radians , and blue mussels MytHus edul Is . The 
researchers, Dr. David Dean and Dr. Herbert HIdu, developed hatchery 
techniques for hatching the European oyster Ostrea edul i us in Malnes'. 
bdreal environment. Dr. Lutz developed the techniques for mussel culture. 
Scallops were not attempted at this time but were cultured in 1978. 



^°Dow, Bob, 1969-1973. Partial Report of Aquaculture Studies* 
conducted by the Department of Marine Resources based on a five year 
grant by Maine Yankee Atomj.c Po*^r Company. . 
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Mr.- Samuel Chapman was hired as the shellfish hatchery manager during the 
1973 season. Seed oysters were raised in ti:ie modem 'aquacul ture bui Id rng 
and enough produced to sell some to local sea farmers, thus cnnpetin^' 

with the California hatcheries. The hatchery effort has continued to the ^ 
present with an ever- Increasing volume of seed. Local fnterest In the 
hatchery techniques grew enough sp that two of the growers started 
hatct*girles In 1977. In 1978 two other growers have been contemplating 
^iH^^^tlon. The hopes of a vertically Integrated industry have been 
Pdalfzed. The hatchery research continues today'but now Includes researcfy 
In the.Jj:ulture'of clams (Mya arenaria ). Bay Scallof^ ( Aqulpecten Irrldens ). 
and ha^d clams (Mercenaria mercinaria ) .'^ - . ' 

The extensloi? effort which was developed at t?he_ request of the 
farmers continues with assistance to, commercial hatcheries in t%io major 
areas, new techniques, and aid. In cdllecting brood stock. The Marine 
Advisory Service has had a fuli-tlme professional extension ^f^o" 
assigned to aquaculture since .197'*. This person has been refponslble to 
work as a 1 iafson between researche.rs and fanners; to assist new growers 
with site evaluations, lease procedures and legal problems; to develop 
educatlqpal topTs for increasing awareness of sea farming among stucbents; 
to assist in the development of associations and co-ops; and to promote 
the cultured species, ' * 

Appendix A shows a list of all con^anles active In 1978. ^11 
of the oyster farms except Maine Coast Oyster Company have been formed 
since l^^'^. Except for Abandoned farms, the mussel farms are al^o>«M, 
and two Salmon farms got thetr start before 197^* (Maine Sea farms and 
Maine Salmon fanns) indicating a very rapidly expanding interest In sea 
farming* 

The finflsh efforts have been slightly separated from the Darling 
Center activities but have relied heavily on the talents of the University 
of Maine. Most people Involved In sea farming have been trained at tfw 
center. This training has taken the form of workshops, graduate 
courses, Ins^rvlce training, «id pers<wial contact. One such workshop 
has been the aquaculture convention held every fall, A 'Spring Fling" 
has also l^n held when nat.lonal authorities have been invited t6 address 
the growers. Perhaps the most productive tpethod of Information transfer 
has been the personal contact with the marine specialists. They have 
been active In dea lltig with the day to* day problems of the farm and In. 
providing technical assistance. The major technical service has been 
site evaluations which Include checking salinity, temperature, current 
flow and direction, legal restraints, typh of gear to be used, proposed 
species to be cultured, biological con^etltors and financial coirenltment. 
Growth analysis, is done as a part of periodic visits to the farns. 
Advice is given to reduce shell abrasion and fouling. 

The last of the. three largest efforts In aquaculture has been 
conducted since 1976 by the Aquaculture Workshop. This program is 
funded by the Coastal EQonomic l^velopment Corporation. Economic , 
stability has been the major thrust of the Workshop. Mr. Richard Clime 
has been attempting to aid fishermen to use aquaculture as a second 



crop. To this end the Workshop has given two 10-12 v«ek courses in sea 
farming, set up a growers co-op, and has been very active in the Aqua- 
culture Association. Llk6 fm>st programs they lack money and a long 
term conm i t timfn t , * * 

Thcfe have b^en many other projects done by various organ Ijeatioos 
In the aquaculture field. ^ The Coll eige of the Atlantic has dev^hbped' an 
interest an(»ig students. Karen kay Waters wrote a paper entitled, Aouar 
culture Feaslbll ity Study Of The PInkham Farm . Lanwine, Maine in^l976i 
after a year long study of the farm. ' ' The Coastal Resource Center has 
aided sea fanners with grant money for developing gear and marketing 
contacts. Their success was Insured by the thoughtful approach of a 
professional staff. Southern Maine Vocational Technical Institute has 
promoted aquaculture in their marine technician program. Students are 
taught much about sea farming as It exists today. The Bates' College 
biology departn»nt has had a v»^rk study pi*ogran for the last three years 
In which students work at various sea farms as a part of their educa- 
tional experience. 'And, the Maine Aquaculture Association has been 
quUe lnvol\«d .ln marketing promotion, gear development, and lobbying 
among other invol v«nents . In the next few years this association will 

be concentrating Its efforts on public awareness of sea farming. 
t 

With this level of effort frp so many Interested people, the 
future of aquaculture looks quite godd. Factors other than the people 
I*nvo1ved must be. considered when cont«nplating the future of aquaculture 
In the Northeast. S he<l 1 f I ^ have been one of the more importan-t seafood 
products throughput the lo^ fishing history of the New England coast. 
Major quamtltleaT of clans, oysters, mussels, quahogs , and hard clans 
have been supp/lied to the U.S. markets ff-om the J4ew England states. 
This shellflsbf population has declined over the past 40-50 yaars , due 
In part to pollution, disease, predation, over harvesting, and lack of 
governmental Interest. ' 

Because of these stresses, the future of some of these shellfish 
could be bleak. For exai^le, the green cratJ predation of the soft- 
shelled clam ( Mya ) in Maine will manifest itself In a marked decline of 
marketable clans over the next few years. HcMAfever, as the water 
temperatures decline and the wj^nters bec«nc colder, the gi*teen crab 
population should decrease, thereby allowing a greater survival of the 
spat fall. It is ironic that as the winters become more severe yie 
should see a marked decrease In populations of sane other shellfish. 
In Maine we saw a 50-70% loss of European 'oysters due to the severe 
weather of this past winter. 

One of the greatest potentials for the shellfish industry is 
aquaculture. Land farming produces about 300 lbs of beef per acre/per 
year, while the Spanish mussel raft technique produces 300,000 lbs of 
mussel meat per acre/per year. With the increased danand for land and 



Waters, Karen, 1976. College of the Atlantic. 
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the growing inters t in good, pure, nutritious food, an ever increasing 
pressure will be placted\on the sea and its estuaries for food production. 

\ * . ' Mussels, a relative newcomer to tHe marketable shellfish indus- 

. try, hit their peak harvest of 2.6 million pounds In 19}^. They declined 
'\ to 4o,000 pounds In 19^7 and presently are at the>2.0 million level' 

(1977)-. Because of their high nutritional value, ffst growth rate, and 
abl 1 Ity* to Withstand adverse environmental conditions, it 14 felt that, 
the future of muTsels as a source of food Is good. The wild stocks artf 
t presently be.ing harvested by use of the Maryland dredge, scallop drags, 
and hand-forking. ^ 

Aquaculture will play an Important part In New England's future 
shellfish plans. Terrestrial agriculture has had massive governmental 
economic input ovej;^e last 200 years while the technological develop- 
ments have not increased dramatically over the last ten years. The U.S. 
presently spends only about $5 million a year on aquaculturc. This is 
eqiiaPto about; 2c per person. A new bill presently in Congress will 
add about $7 million per year, for a grand total of $12 million, or 
about 5^/persort/year. This Is a small amount of support when compared 
' with the $75 /person /year spent annually In support of agriculture. 
{ - 

With the soaring cost of petroleum products, and Its Impact on 
the cost of fertilizers, pestlcldesi. and ultlmatel^graln and animal 
protein,, technological developments will tend toward "wild crops, 
minimum tillage production, water weeding," and smaH , energy-efficient 
farming. ^ 

Our present shellfish harvest methods, although labor . Inteffs I ve, ^ 
are not oil intensive. The mechanical dredges and dra^s do need and • 
use fossil fuel, but If you look at the clam Industry, oysterlng In 
Chesapeake Bay, andpresent aquaculCure projects, you will note that 
very few gallons of. oil are used for harvesting. Further, no oil Is 
required for alteration of the organisms' environment, for pesticides, 
or for fertilizer. The harvest methods should remain much the s'ame 
for the future. 

Technological developments should Increase growth rates, 
survival ra^es, and predator control without Increasing fuel dependency. 

Man, at this time Is primarily a tertiary consumer, thus creat- 
ing a great energy waste. He will be looking for a food source less 
dependent upon oil. Presently, Japan consumes 75 pounds of seafood per 
person/year while the U.S. consumption Is only 12.3 pounds per person 
annually, and 66% of that Is Imported. We produce only four pounds of 
seafood per person per year. A search will be on for protein sources 
^ which make more direct use of solar radiation. Only unicellular algae 
stand between shellfish and sunlight. Therefore, it Is possible that 
molluscan protein will become one of the most Inexpensive proteins ever 
known. 



\ i 
^^Pratt, R.S.' 1977. Some Present and FJttu re Prospects for . 

Shellfish Culture. 
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' If we look at the poultry Industry* we recall three major areas 
of improvement, genetics, nutrition and disease control. As problems 
in these am conquered of controlled, the industry concentrated on ^ 
marketing, ^ea farmers must Investigate the major problems of aqua- 
cUlture and conquer them. Their efforts could we-ll be concentrated on 
genetics, disease control, nutrition and site location. In the shell- 
fish area, nutrition is ngt as Important because ft Is handled naturally 
In "the future, this could h^^ome an area of research and development. 
Site location and technology are now fihe'major considerations In Im- 
proving production. . . 

One way to Increase productivity Is to raise the animal from ' 
the bottom to the surface. Raft culture Is the most efficient system 
now in use for shellfish culture, potentially 1,000 tfmes more effective 
in presenting food to the anl«nals per unit of aredJ3 Off-bottom 
culture not only Increases the food flow by the animal, but also the 
temperature and food concentration per unit' volume. The surface culture 
affords about ,1,000 times greater yield than does bottom culture. 
Boiti^i culture in Chesapeake Bay averages about 15,000 metric tons of 
oyster and clams per year, while surface grown oysters average about, 
250 tons per acreJ^ At this rate, you could expect the total annual ' 
harvest of the Chesapeake Bay on about 60 acres of water. .The rafting 
technique could be very Important In commercial production. Using this 
method the shellfish grow it a much faster rate and they can be cleaned, 
culled, graded, and watched. 

If one wertf to look back at land farming, as a reference to see 
what will happen to aquaculture, one might be surprised at the simi- 
larities. For example, the chicken Industry In the United States did 
not get started until the early 1920's. At that time a large chicken 
farmer had a flock of about 250-500. The chickens yiere usually penned 
up in a coop with a fenced In yard. The farmer fed the chicks about 
3 1 1 nibs a day. When the chickens were sold they provided the farmer 
with about 6oi. of his yearly Income. In the M)-50's the farmers ^experi- 
mented with yinge farming. All the birds were left In a field with 
small shelters located In various spots around the field. This tech- , 
nlque was labor intensive and the mortality was high (due to predators). 
In the 1950' 5 chicken houses sprouted and this appeared to be the best 
method. Lights were used to control photoperlod, to speed growth and 
to retard laying. When the chickens were brought Into close contact 
with each other, disease became one of the major concerns of the farmer. 
The two other areas of concern, genetics and nutrition, were improved 
so greatly that they were no longer of major concern. Farmers now ^ouse 
50 tQ 100 thousand birds annually. 



^^Ryther, John, 1969. The potential of the Estuary for Shell; 
fish Production, froc. Natl. Shellfish Assoc., 59. 
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The trout, salmon, oyster and mussel industries' wi 11 all have • 
to consider these areas as major concerns during the next 100 years. 
The finflsh farmer? have* now spent most of their research and develop- 
ment money »on" nutri t Ion and disease. . 

Early in 1978 the oyster farmers discovered they too had disease 
problems. Mussels haSve been the^only species th^t hav? not been greatly 
conc^srnfed In these areas. The ^netlcs and feed are natural. Diseases 
are certainly present In wild populations but no major kill has been 
reported. The mussel's major area of development will be marketing. 

It- is hoped that by examining the probl«naf of a different 
industry th^t the sea farmers will be able- to overcome Some of the pit- 
falls of their counterparts from the poultry Industry. 
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LESSON I 

• ^ 

Introduction 

The qiwstlon of future sources of food Is (K>sed with Increasing 
frequency as the amount of arable land per person decreases with popOi-> 
Nation growth; The role^ of the Ocean as a fdeid supplier Is currently 
being explored. The ocean has the potential tm produce products already 
Is use In greater quantities as we'll as new products. 

. This , learning experience is divided Into two majoi' areas: 1) an 
overview, 2)raquacul t>ire. Each lesson. Is Intended for a dally forty*: 
five minute c.l^s perlqd, but roay be expanded or condensed depending on 
time and student Interest. 

Less^ I: An Overview • • ( * 

Concept* The World population Isf growing at a rate fasterx*«an present 
«. - food, sources can support. The ocean has iT»ny untapped re- 

sources fof.f^dln^a growing population'. ^ 

Sib^ectlves of*.;th)Is section. of the imit are for students; 

1. 'To list possible sources of food from the sea that are rarely or 
nev^r used today^ . ® - 

» • * . 

2^ To taste foods from the sea which may^be Important sources of nutrf- 
tlonjn the future, , 

3« to ovttrcoine,.psycl^flfc9i<:a1 barrTers to certain foods to which 
^'"Students are not accustomed. 

Teacher and Student Background 

V Fran the graph (jFIgure 6), ft can be seen that It took 1,850 
years p from 1 A.D. to 1850, for the population to double from one-half 
billion to one blll^^on, ttemographers predict that the present. popu- 
lation of 4.5 billion will Increase to 6.5 billion by the year 2000. 

In orcter to keep pace with the Increasing annual population rate 
of three per cent, food production must increase at the rate of four 
per cent annually* However, present world food production Is Increasing 
at the rate of only 2.7 per cent per anni«n. 

Early man was a hunter, although he also ate berries and seeds. 
In order to gather enough food for his fan My, he needed about two 
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square miles of land for hunting. The United States, with an area of 
3,600,000 square miles, %^uld only be able to support 1,800,000 families 
In a hunting society. 
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About 10,000 years ago, man first started growing crops and 
^raising animals. Thus, he Increased his food yleld< to:support the grow- 
ing peculation. With experlwYce and technological Irt^rovements , nwn^has 
been able to grow and raise even greater anounts of more nutrlj^ous food 
products. However, the Increased food yield from the land Is ffot suffi- 
cient to support the present world population. , 

Since 70 per cent of the earth's surface Is covered by water, 
man ?s turning more and* more to the se^i for food resources. 'However, . 
today he' Is at' the same stage with s^a foods that eirly man with 
land foods. I.e., hunting wlld'stocks of fish'and shellfish. 4n. order* 
to Increase the yield of food frckn the sea, man imist perfortn more 
scientific research, utilize neyi ocean food ^ourcc^, and begin to do^ , 
more farming of the ocean. ' ~ 

Research has recent-ly been b«gun on increasing the yiell af 
tradi tlonar^ea foods as well as developing methdds for utilizing other 
sea life. This new field of study ts known as aquaculture (agriculture 
Is fran the Latin. for cultivation of fields ; aquaculture Is from the' 
Latin for cultivation- of water). The Japanese are very advanced In 
aquaculture because there Is so l^Ittle land to farm In Japan. 

Aquaculture efforts Include (tecreas4ng the growing time of 
marine organisms^ breeding marine organisms to Increase niMnber and sl^e, 
and culturing previously unused resources such as seaweed, algae, - 
mussels, and other, forms of marine life.. Alternate forms of ?ea .f ood 
such as fish protein concaitrate are at so being developed. Fcwds from 
the sea Include seaweeds, fish and fish products, and shell fish,' such^ 
as oysters, clams, shrln^ and lobsters. 

Many people have a psychological barrier against eating many 
kinds of seafoods, evep If they have never tried them before. Since -■ 
seafoods will become an In^rtaht source of nutrition. It Is In^ortant 
that these barriers' be overcoim. In this section, a seafood meal will 
be prepared In an att«i^t to counter such attitudes. 
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Suggested Activities - Home Eciwiomlcs 

1. In a elaiss discussion have students make a list of possible^food 
resources from the sea. Discuss the list and possible additions 
to it. * . 

4 

2. Have students prepare a 'meal which consists of seafood products that 
have a poterytlal for Increased future use. They should assonfole 
this menu from recipes they have developed and/or collected. 

In the process of preparing this meali the students should. learr\: 

to shuck clams, mussels, ami scallops 

t5 pick crabs, and lobsters, , \ ' * 

to fillet fish, and 

to process and freeze s^food. . . ^ 

Local experts can be lydenti f led and Invited to the classroom to help 
with this teaching. , • * T 

' . . . - ■ / 

The following ispeclariCeres wl 1 1 be required: 

; .. ■ I . • ; . 

a. - Dishes, sepving dishes, and utensils for the meal 

b. Filleting and shucking knives 

c . Food I terns 1^ , . * 
^ (1) Maine seaweeds (I.e.T laver, dulse, Alarle, Chondrus) 

- iil) Seafood (available at supermarkets, seafood restaurants, 
fish markbts, or collepWd ^.Ipng the c^fast) 

« 

* A Sugges*ted Menu • * 

Appetizer: Squid salad, dulse; mi«sel1S", sea urchin r(», 

seaweed soup stock > r* 

Entree: Clams, shark, eel, periwinkles, octopus, seaweed, 
bread 

^ Dessert: blanc mange, seaweed, laver . 

Students should prepare a similar meal at hone and collect 
faml.ly reactions to the new foods. 

Audio-Visual Aid 

An excellent introductory movie on the subject of seafcKsd Is 
"Food from the Sea," available from Instructional Resources 
Center, University of Delaware, Newark, DE 19711- 

• The slide sequence! on aquaculture Is available without charge. 
,frbm the Instructional Systems Center, University of Maine at 
Orono, Orono, Maine » 

3. Have students report on the nutri t lonal value of seafoods. 



Suggested Activities - Science/Home Economics ^ 

1. Take a field trip to the coast to collect seafoods. 

a. Pre-trip experience ' . 

■• < 

(1) Learn about food which isiavailable from the sea in ybur area. 

(2) Discuss qfuantitlespeede^for the group. 

(3) Collect appropriaw reofpes. 

{ky Ac^iulre needs tO(Hs„.^ harvest, such as traps, hooks, llnes,^ 
and hoes'. ' • ' 

(5) Xheck laws on harvesting (state and local) ^ i 

(6) Check for "red tide" restrictions and other pollution 

warnings'. . 

* . • ** 

b- Trip experience . • ' 

• , ' • ♦ 

(1) Learn habitats of specimens collected. 

(2) Collect neede<^ quantity only. 

* • ' . • • 

* c. Post-trip experience " • . 

(1) Prepare an<^ cook food. 

(2) Eat the meal . . ^ ^ 

(3) Summarize the experience. . * 

2. Dissection and anatomical studies could be developed for some or all" 
. of the species collected. 



Special Items Re<^ul red For F4eld Trip , 

^ Clam hoes 

Fishing poles 

Crab traps (check state law) . . t 

Hip boots 

Buckets 

Camera . 

Fillet and shucking knives 

3. Show the aquaculture slide sequence. It is available free through 
the instructional Systens Cepter, University of Maine at Orono, 
. Orono, Maine 0M»69. 

■ 

^ Mathemat ics 

Students could collect and analyze demographic data related to 
seafood consumption or sales In the local area. They should consider 
restaurants, food stores ancT family homes. 
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■ LESSOW4 li f • 

Aquacul ture ^* • ' , 

f . . " ' ^ 

^ Concept: ThroMgh the wfctespre^d^ practice of aquacujture, the yield of 

mapy^ wa^ef organic 9?" ^? substantial 1y" increased to provide 
« nutrition for a larger number of people. 

' Behavioral object live^r • , . ' 

Stuldents %hou1^ tenable - 



t -mm 

\. to de^^cHbe possibJe advantages and disadvantages 
f6od produet Ion . t|i rough* aqi|acu1 ture. 



of increasing 



2* .to list the orgar^sns thdt'can be farmed along the northern New 
England coast/ and to describe the basic techniques involved, 

3* to assess"* the nM^r^itional 'Value of aquacultural products, and to 
*\ test some 1n class,. 

k. to coiT^re U^S. land farming (including subsidies) with U.S. 
watdr farming^, 

5. to ^iefiK^s trate construction and collection techniques*, 

6. to identify principal features of ' the external and internal 
anatomies ^f selected species, 

7. to explain the life cycles of selected bivalves and finflsh, . 

8. to resonably project the future impact of aquaculture on world ♦ 
^ food supply including forecasting econoriic advantages of ^sea* 

farming. 

Teacher Background ^ ^ 

Acre for acre, the sea can be more productive than land, espe-* 
. dally in near-shore regions . As opposed to the land, however, man 
>sti11 gets niost of his food from the sea by hunting. In many cases, 
this method is Inefficient. Man is just beginning to realize the 
advantages of aquacul ture-'-farming the aquatic environment. 



Presently, there are four bas(c types of aquaculture. The first 
is represented by the hatchery In v^lch^lar^ns nianbers of young are 
raised in controlled envi ronnwnts . They are then released iifto t^ielr 
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natural setting where \t Is expected the population of that species will 
increase. This technique has been successful in the United States with 
members of the salmon Vamlly, Overall, however, hatcheries have been 
unsuccessful because the fish, when released-, are unable to fend for 
themselves. Further, the numbers released do not add significantly to 
the existing natural population. 

The second type of aquaculture ln^ft)lves capture and in^undment . 
of the spechas like lobsters and tuna. In Ji^ris way, more food may be 
provided. The third type of aquaculture is the raising of marine organ- 
isms nice mussels from youth to marketable size. The final and most 
advanced method involves full control of the life cycle and closely 
approximates land farming. Eggs are hatched and the various stages are 
rifsed and fed until marketing. A iirood stock Is also maintained to - 
provide more eggs. Finflsh and oydt^r^ are cultured In thfs way. 

The criteria for successful aquaculture limit the number of 
marine animals which may be used. The or^rysm should be i) capable 
of being raised easily from the egg; 2) fas t-^g rowing; 3) able to eat 
inexpensive or abundant natural food, preferably plants; and k) resist-* 
ant to ^isease «id unfavorable environmental conditions. Thus, many 
open- sea fishes v^lch require large anoun^s of spaice and food are not , 
suitable for culturlng. Hoi«^ver, many of th^e fl-sh schools can, with 
proper management, be caught Efficiently year Srf ter year. 

Oysters have been the most succe^ful ly farmed iT«rlne organism. 
They are attached animals, live In shallow, brackish waters, produce 
large numbers"^ of eggs and feed on plants. The oyster larvae swim for 
a couple of weeks, they then settle on a hard surface as spat, where- 
upon they develop Into adults. In oyster culturlng, hard surfaces are 
provided for spat settling. During development, spat are separated to 
prevent crowding. The growing adults are often cleaned of fouling ^ 
organisms which may inhibit their filtering apparatus. Oyster predators 
such as*, starfish and oyster drills are ccxitroiled'. 

t 

The first of the three aquacultu red products In Maine were the 
salroonldS. There are presently three salmonld operations In Maine: 
Maine Sea Farms in HarBbrside, Maine; Maine §almon Fahn In WIscasset-; 
and. Fox Island Fisheries In VInalhaven. 

Mussels are the second crop, that has-been cultured In Maine. 
Abondoned Farm, Inc. In South Bristol Is the first commeFcjfal mussel 
culture project In the state.. Mr. Edward Myers collects his crop 
naturally, because they are Indigenous and spawn well In nature. During 
the Spring and Fall, the $pat are collected on ropes. Studiies indicate 
that hemp ropes collect best! The nylon and daoron, however, last 
better In the water. The mussels reach market size (2") in about 12 to 
]k months . . 

The State of Maine has not been noted as an oyster state, but 
that may change. American oysters have always been found on our coast. 
They were found in the PIscataqua, New Meadows, Sheepscot and Damaris- 
,cdtta Rivers. In*l949, Dr. Loosanoff brought European flat oystens to 
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Boothbay Harbor. During the wanner months, they spawned. A small 
population remains to this day. 

This oyster has been selected by all 12 oyster farms because of 
Its tolerance to low ten^ratures and high salinities, and because it 
Is considered the gourmet choice around the world. Both types of oyster 
found In aquaculture projects have been r«m)ved from the substrate upon 
which they set^ They are called cultchless. which means they grow free 
from any pressures of other.oysters . This allows their shell to grow * 
very uniformly, making them choice for the half-shell trade. 

. We have two different types of aquaculturlsts. In «lne. Onb is 
commercial and the other' Is the amateur who would like a ffew oysteis in 
•his ''backyard ocean garden," This person may have the greatest' econ- • 
omic Xmpact in the aquaculture field ovei- the next few years. These . 
people often come from a generation that ate oysters and who have the 
place, time, and money to Invest. in such a project. 

, . / , • ■ >^ • - " , 

TVquaculturlsts have t%#o major obstacles to .overcome In the 
Immediate future. The fim Is fouling"; which Is the overgrowth of 
other organisms on and around the oysters. The organisms may compete 
for food, bjock the. t^ay to j|_revent the oysters from getting food ,y or . 
even smother the oysters. * * 

The second is overwintering. The oyster mi^t be "taken from Its 
sunnier growing spot on the surface and pl&ed on bdttonj away from ice 
and the colder water. They dre placed offTbottom far enough to prevent 
predators (starfish and drills) from prey I'nj on them, 

Aquaculture in Maine Is growing, but It Is still In Its infancy 
There are still many man»^inade obstacles impeding the progress of aqua- 
dulture. Shore regions are neecled for*many methods of aquaculture. 

.However, thU land -Is In high demand by recreat Ion I sts, developers and 
Industrialists. Thus, the high costs may act as a. deterrent. One ofi 

« the greatest threats to the ^uaculture industry is pollution. Sewage, 
industrial wastes, pesticides and radloactl vl tly all affect marine 
organisms and thi^ affect aquaculture. 
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Sugg^ted Activities 

K Discuss various aspects of aquaculture as presented in teacher back* 
ground material. 

2. Collect larvaeand grow animals in a saltwater aquarium. (See 
Appendix B) / 

3* Discuss the problems which imist overcome for aquaculture to 
become productive and profitable, 

k. Individual reports; Have indlviduaT stlidoits report on the v»ys in 
which various species are harvested and/or cultured. These reports 
should include infornwt ion on the life cycle of the chosen organism. 

5. Have a guest spealcer talk about aquaculture. Contact your university 
marine extension agent and/or the Department of Marine Resources. 

,6. Show the film "Take T*#o from the Sea." This film describes harvest- 
ing, culturing, processing, cooking, and serving of oysters and 
clams. Write for the f ree, f I Im catalogue and plan to book the film 
at least three months U} advance. 

National Oceanic and AtmospHerIt Administration 
U.S. Department of Ccmnerce 
Moticm Picture Section 

12231 Wllkens Avenue ' ^ ^ 

Rockvllle, MD 20852 , . 

> ' 
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Halne Conmercial Aquaculture Companies 1978 



Oysters 

John S«nfth 

Pratt's Islarfd Road 

west Southport, Maine QkSSS 

Terry Haskell 
Box 533 

E11s%wrth, Maine Ok$Qk 

Dodge Cove Marine Farm 
0\ck Clime & John Ste»#art 
Box 211 

Newcastle, Maine 0'f553 

Maine Coast Oyster. Corp. 

Dean A. Richmond, Vice President 

Box 171 

Blue HIli; Maine 0k6]k 

Maine Mooring Oyster Cp. 
Chester Brown 

South Bristol, Maine 0^568 

Open Sea Oyster Co. 
Nelson Griddle 
SargentsvTlle, Maine 

Huston Oyster Co. 
Alan Huston 

R.F.D. m 

Tops ham, Maine 04086 

Fox Island Fisheries 
Spencer Fuller 
Box 427 

Vlnalhaven, Maine 0^63 
Marl tec 

On the Gut ^ ' 

South Bristol, Maine .04568 

Sheepscot Oyster Co. 
Reg S- Gil Gillmor 
Box 286 

Newcastle, Maine 0^553 



Spinney Creek Oyster Cd. 

Ian Walker 

Eliot, Maine 03930 

Maine Bloservices 
John Sheldon 
High Island 

South Bristol, Maine 04568 

ton fr Lynne Haudenschle Id 
R.R. #1 Box 97G 
Steuben, Maine 04680 

Joel Cowger S- Barry Dowdy 
c/o Boothbay Marine Lab 

om 

Boothbay Harbor, Maine 04538 

Royce Randlett & Peter Hessler 
Box 472 

Camden, Maine 04843 

Paul Durgin 
Clark's Cove Road 
Walpole, Maine 04573 

Kim Messer & Schuyler Westworth 
1 Pine Street 
WIscasset, Maine 04578 

Ken Lutte , 
b|x 8 

Hb^ Harbor, Maine 04554 

Hdrry Etzel 
River Road 

Newcastle, Maine 04553 

Paul Steinberg * 
Box 195 

Hennlker, New Hampshire 03242 
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Downeast Sea Fanns 
Tom Murphy 
Dutch Nfick Road 
Waldoboro, Maine 04572 

Kan & Phil Gray 

South Bristol, Maine . 04568 

Dtck Emmons £■ Bill Sereta 
Freeport, Maine 04032 



Bob Dinsmore S- Dick Coombs 
Box 24 

Newcastle, Maine 04553 

Dana Edgerly 
R.F.D. #1 

Woolwich, Maine 04579 



Mussels 

Abandoned Farm, Inc. 
Edward Myers < 
Walpolo. Maine 04573 



Intert 

Chris Heloiig 
South Harpswcll, Maine 04079 

Doug Hamlll 
Dutch Neck Road 
Valdoboro, Maine 04572 

Paul Blals 
Box 201 

Damarlscotta, Maine 04543 



Salmon /Trout 

Maine Sea Farms 
Robert S- Linda Maht 
Harbors I de, Maine 04642 

Maine Salmon Farms 
Gary Towlo 

Wiscasset, Maine 04578 

Fox Island Fisheries 
Spencer Fuller 
Vlnalhaven, Maine 04663 

Beautiful Valley Trout Farm 
^William Schoenthaler 
Star Route 

North New Portland, Maine 04961 



Des Fitzgerald 
R,F.D. ^2 

Lincolnvf lie, Maine 04849 
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APPENDIX B 

« 

» * 

How to Establish and Build A Marina Aquarium 



Introduction 



If you collect, an aquarium (either ten^ofary or permanent) in 
your classroom Is a necessity. Salt water aquariums are tricky, but 
certainly not Imposslblei Several good publications are already In 
print that give you lots of ^d Information about aquarium set Up 
(See Bibliography).. Our purpose here Is to give you a bit of information 
to ^t you started. 

Equipment 

tank sea water 

sand pvmp 

filter hydrometer 

aerator other equlMient optional 

Methods 

" y * ' 

Prepare your tank before you collect your specimens. Remenriaer 
to allow about 2^ hours for the tank to filter out the suspended sand 
and detritus that. will be suspended In the water due to the set up 
activities. 

First, buy, borrow or make a 10-15 gallon tank. This should be 
either glass or plastic as sea water will rust the stainless steel part 
of a metal-braced tank or ccfrrode the aquarium cement. Also make sure 
that all of the equipment In your tank Is plastic, since many metals are 
toxic to marine Invertebrates. A subsand filter tends to be "the most 
efficient, but the ordinary box-type filter Is also effective. Suffi- 
cient aeration Is very Important and is- crucial to th^" use of your sub- 
sand filter. . . 

To begin setting up your tank, first. wash It well. Then place 
your subsand filter and air pipes In- the bottom. Above this layer 
pebbles and then sand. Next, fill the tank with seamter. Allow the 
filter system to clear the water before adding your specimens. Natural 
sea water Is advisable, rather than trying to mix art^lcial sea water. 

When your system Is set, you are ready to begin collecting your 
specimens. Remember to always make sure that you have permission to 
collect at your site. Decide what specimens you would like to have in 
your aquarliOT before you collect. When you collect, take only what you 
need* and make sure you have provided for, their comfort en route. Use 
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plastic containers to carry your animals. Do not try to transport glass 
or metal ctwitalners while you are on the rocky shore. Small specimens 
should be collected and p.laced In plastic jars containing sea'water. 
Overcrowding can result in the loss of all of your collection. A few 
live, healthy specimens are better than many dead, or dying ones. One 
'or two organisms per gal loft of water Is about right. In transporting 
the collections to their new home site, they must be kept cool. If 
you are traveling for any distance, place your containers In a styrofoam 
cooler with Ice In between and fresh s*?aweed on top. Once at home, 
allow the specimens time to become accustomed to their new sijrroundlngs 
by floating them and their containers In your aquarium overnight to 
allow water temperatures to equalize.'^ Tim water In your aquarium may 
not fook substantially different, from the water your animals have been 
transported In, but to your new* charges direct transfer to their new 
aqCiartum %Mter could.be a shocking experience. 

« 

The aquarium may be kept cold by enclosing It In a window area 
in the late fall through early spring months. Jce cubes placed In 
plastic bags and floated In the aquartUm can cool the aquarium Inexpen- 
sively for short periods. Aqua-chillers are complete units that can 
cool a series of aquarlums.pr very large ones. . These are quite expen- 
sive but may be your students may want to raise ftmds through a project. 
The key to success In keeping organises alive Is to keep the water cold 
(q>out i*0-50^). ^ ' 

^ To maintain your aquarium, you'll have to keep th» salinity of 

the tank stable. When you first fill the aquarlian, mark the water 
level with a piece of tape on the outside of the tank. The density of 
the water In the composed aquarium Is Important and can b« checked with 
a hydrometer (available at a pet store). It should show a reading of 
1.02$ %<hen natural sea water Is filling th^ aquarium. As water evap- 
orates and the s0Tt concentration In the tank rises, pure distilled 
%<ater should be addend to the original water level mark. Any sa]V 
accumulating on the edge of t\te glass should be scraped off the sides 
and returned to the tank. 

To maintain your animals, feed them as follows* 
The starfish and clams can be fed with frozen clftns. Turtle food and 
fish food may be added to ttiKO tMater to provl<te nourishment for mussels 
arfd small fish. For a i^lle you may try an experiment of adding a few 
extra mussels and not feeding the animals frozen food. In this more 
natural situation^ crabs and starfish will find their own dinners. You 
and your students will have the opportunity to watch crabs and starftsh 
opening .the mussels. The small fish will "cle^n up" after the crabs 
are finished. 

There are a few simple steps to remember for a successful 
aquarl imi 

1. Use natural sea water and maintain a constant .water level. 



2. Keep the Mter well aerated. 



3. Keep the water temperature low . If you need to reduce the tempera- 
ture In your t;ank, float ice cubes In plastic bags or containers. 
Never add ice cubes directly to the water. Also, avoid rapid 
temperature changes . 

k. Don't overcrowd your aquarium. 4 

Find out which anlmaU are voracious predators. You may want to 
Isolate these, 

6. Feed your animals regularly and remove all uneaten food or dead 
animals to prevent fouling. 

7. To avoid excess evaporation, keep the aquariian covered. 
8.. Keep the aquarian out of dfrect Sunlight. 

Specimens can be obtained from a marine supply house, but It Is 
less expensive and more interesting, to make your own collections. ^You 
can expect to find mollusks, crabs of varjous Sf^cl^, starfish, small 
marine fish, snails, bar'nacles, anonones and urchins, to name a few. 
Around a jetty or a rocky beach at low tide is the best place to look . 
an^ collect. Collect various type^ of seaweed to enhance the attrac- 
.tlveness of the aquariiA). You probably won't need any supplemental 
lighting unless you want to support several species of the green algae. 
The predominant red and brown seaweeds do fine with regular fluorescent 
or incandescent light from your ordinary lighting. ^^ 

Additional resource materials and activities can be found In;. 
The Aquarium , a second grade ^tolne education u^lt in this series. 
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Sappendix c 

SLIDE SCRIPT 



^ V * L. Sea fanning, or aquacuUure, Is a new industry on the Maine coast. 

2. Early efforts at fanning the sea along the Maine coastline involved 
oyster culturing in the early 1970* s. 

3. Since that time, through the. efforts of l^lie University of Maine, ftie 
State Department of Marine Resources, UMO/UNH Sea Grant, and interested 
individuals, the industry has groiwn and has begun solve some of its 
problems. ' 

4. In Maine, filifish, a crustacean, and several mollusks are being cultured. 
Oysters are one pf the mollusks currently being raised. 

5. Both the American oyster (Crassotrea virgin1<:a) on the left, and the 
European oyster (Ostrea edulis) on the right, are cultured in Maine at • 
this time. The American oyster is indigenous to this area. The sought 
after European oyster was first iatroduced to ^ine waters in 1949. A 
small population of European oysters still lives in Boothbay Harbor. 

6. Much of the research on oyster culturing has been carried out here at 
the Aquaculture Building at the Ira C. Darling Center in Walpole, Maine. 

7. This laboratory in the Aquaculture Building Is very complete. It not 
only has hot and cold running water, but it also has seawater piped In 
from the Damariscotta River. All of the piping in the lab Is plastic, 
since dissolved metals in the sean^ter would be harmful to growing 

% organisms. 

8. During early oyster culturing efforts! in 11a ine, the Darling Center was 
the only oyster hatchery. Now,'' severaVindlvf duals are in the business 
of producing commercial quantities of /oyster 'seed'. 

9. Tiny oysters used to be encouraged to 'set' on shells like these. Young 
oysters 'set' when they permenently attach themselves to some substrate. 

c 

10. Cultchless oysters are oysters which have 'set' on tiny chips of shells 
not near any other setting oysters. Cultchless oysters have more per- 
fectly shaped shells and are preferred for the "shell market." 

n. Sea farmers buy 'seed' oysters when they are between 2 and 3 mm in size. 
They then grow than out to market size. This process takes about 2 years. 

12. Various types of apparatus have been devised for containing the developing 
oysters. 

13. Some float at the surface and solve the fouling problem by letting the air 
and sunlight kill algae^as the trays are turned over dally. 



14. Other containers, such as these Japanese lantern. nets, hold young oysters. 
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15. and are suspended from a longline, 

16. which Is moored. at each end. The raft is the platform from which the 
nets are worked. 

• * 

17. Fouling is fought often with high pressure hose. 

18. If fouling is not combated, the oysters will be killed as the flow of 
water with its food and oxygen is restricted. 

19. tsrow out trays like these require a great deal of storage space when 
/ they're not in use. 

20. Tending the oysters during the growing season requires the efforts of 
many people. 

• * * 

21. This rack was designed at the Darling Center to hold stacks of trays. 
Buoyancy is provided for the trays by blocks of styrofoam at the bottom 
of each stack. The trays rise to chest height when unrestrained, 
enabling one person to tend them. 

.22. One of the more serious problems facing oyster farmers in Maine is over- 
wintering the oysters. These are some of the devices currently employed 
to keep oysteif*^ populations near the bottom during the winter months. The 
idea is to kfiep the trays down away from the bitter cold and ice, and up 
out of the suffocating silt at the same time. 

23. Losses like this can occur during the winter. This pile is about 5' deep. 

24. Harvested oyst^ers can be scrubbed and graded like this, or 

25. can be done by this machine. The inachine is still being developed. 

26. If you raise your own oysters, you might harvest a few to eat on the 
half shell on your dock. • 

27. But, if you don't raise your own, you' 11 be able to buy Maine oysters 
to enjoy, anyway. 

28. Culturing of mussels has been going on for many years in several 
European countries. 

« * 

29. The methods anployed along the Maine coast most closely resemble the 
Spanish raft culture method. . ' 

30. Ropes are suspended for pole rafts and mussels are allowld to grow on 
the ropes. Periodically, "the ropes are hauled up and the mussels thinned 
to allow them more room to grow. The culled mussels are transplanted to 
empty ropes. 
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31. Maine has a large natural population of blue mu$se1s, but these mussels 
often have pearls in them. These pearls are formed around encysted 
trematode worns, and, while harmless, they are annoying; to consumers 
and ar6 potentially dangerous to teeth. 

32. Pearl formation is related to grovrth tijne in mussels; so, cultured 
mussels which are exposed continually to an abundance of nutrient^ grow 
faster and hav6 smaller pearls. Cultured mussels reach their 2" market 
size, in 12-14 months. In that time, pea^rls do not reach noticeable size. 

33. Two Northwestern fish, "the Coho salmon, and the steel head trout are 
currently cultured in Maine. 

■ « 

34* The eggs arrive from the Northwest in the fall. 

35. and are hatched out in one of Maine's two private hatcheries. These 
hatcheries are located in North New Portland and Harborside. 

36. The fry are raised in the hatchery until th^ are about 50 to the pound. 

37. At that time, they begin smolting. This is the physiological change* 
that prepares then to leave the fresh water and enter seawater. These 
are smolts. , 

» 

38.. When the fish are' ready to enter the sea, they are placed in cages like 
'these steel head cages on Vinal haven. The covers prevent pr^atory birds 
from eating the fish, and also provide the shade in which the fish 
develop most quickly. 

39. The /ish must be fed many times a day. 

40. They are fed prepared fish food and shrimp processing wastes.. The shrimp 
helps develop a pbink color in the flesh of the young trout. 

41. This pen is 4jsed for rearing Coho salmon in an abandoned mine. 

42. Lobsters are being raised experimentally on the Maine coast. 

43. These carnivorois ci^staceans must be isolated early in their developiftent 
to prevent them from eating each other. This is accomplished by raisirxg 
them in vertical plastic tubes partitioned with grids which permit a 
continuous flo^ of water through the lobsters' homes.. 
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APPENDIX D 

f 



Resources 

Environmental Task Force 

New Yohk State Education Dept. 

New Yorfei New York 

Maine Department of Karine Resources 
State House Annex 
Capital Shopping Plaza • 
Augusta, Maine 0^330 

U.S. Department of the Interior 
Washington, D.C. 

U.S. Government Printing Office 
Washington, D.C. 

'Aquaculture Thesaurus 

James A. Lanier 

Virginia Institute of Marine 

Science 

Gloucenter Point, Virginia 23062 

Natural Resources Council 
20 wniow Street 
Augusta, Maine 04330 

U.S. Department, of Conmerce 
National 0<feanic and 
Atmospheric Administration ■ 
.National Sea 'Grant Off ice 
Rockvllle, Maryland 20852 

Creig Brook Federal Hatchery 
Orland, Maine 0Mf72 



Conservation Education Foundation 
of Maine 

Room 600 , ^ 
State Office Building 
Augusta, Maine 0^330 

Massachusetts Marine Educators 
New England Aquarium 
Boston, Massachusetts 02110 

Darl ing Center 
University of >telne 
Walpble, Maine' 0^573 

Tel: 563-31^ • 
Contact: Bob Pratt 

Aquaculture Workshop 
Main Street 

Damariscotta, Maine 045^3 

Coastal Resource Center 

FlVehouse Hill 

Bar Harbor, Maine 04609 

Beautiful Valley Trout Farm 
North New Portland, Maine 04954 

TRIGOM 

Box 2320 ^ 
South Portland, Maine 04lOb 



